Purpose: To improve control of confounding by frailty when estimating the effect of influenza vaccination on all-cause mortality by controlling for a published set of claims-based predictors of dependency in activities of daily living (ADL).
| INTRODUCTION
Non-experimental studies of influenza vaccine effectiveness in older adults have commonly reported strong protective associations such as 50% reductions in all-cause mortality. [1] [2] [3] [4] [5] [6] These results conflict with other evidence-the protective associations are far larger than the ≤10% of winter deaths among older adults that are attributable to influenza, 7 and they are present (and strongest) prior to the start of the influenza season, when we would expect little to no effect of vaccination due to a lack of circulating influenza virus. 6, 8 As a result of these logical inconsistencies, it has been proposed that uncontrolled confounding by frailty may explain the strong protective association that has been observed between influenza vaccination and mortality. 6, [8] [9] [10] [11] Frailty, defined as a physiologic state of decreased reserves and resistance to stressors, increases vulnerability to adverse outcomes. 12 Its clinical phenotype includes wasting, loss of endurance, decreased balance and mobility, slowed these proxies would be preferred for improving confounding control, they are also generally not available in administrative health care databases. We instead use a claims-based operational definition developed by Faurot et al using Medicare data. They published an algorithm that predicts dependency in activities of daily living (ADL) as a proxy for frailty when utilizing health care claims data. 19 Using multivariable logistic regression with backwards elimination, they identified a set of predictors which discriminated between individuals with and without ADL dependency better than the Charlson comorbidity index (C-statistic of 0.845 vs 0.78) and was associated with elevated mortality (hazard ratio [HR] of 7.97 comparing those with ≥40% predicted probability of ADL dependency with those with <5% probability). We refer to their predictors as predictors of ADL dependency because frailty and disability are distinct constructs, and an operational definition developed against a measure of frailty would be preferred over one developed against a measure of disability.
In this study, we evaluated the potential of predictors of ADL Members of the cohort were followed from the index date until death, disenrollment from Medicare, or the end of influenza season, whichever occurred earliest. 
KEY POINTS
• Non-experimental studies of influenza vaccine effectiveness in older adults have commonly reported strong protective associations that may be caused by uncontrolled confounding by frailty.
• Consistent with previous studies, controlling for commonly used demographics, comorbidities, and health care use variables resulted in a strong protective association between influenza vaccination and all-cause mortality, even before the start of the influenza season when no association would be expected.
• Controlling for a set of predictors of dependence in activities in daily living (ADL) reduced uncontrolled confounding more than controlling for commonly used comorbidities or health care use variables.
• Adding the ADL dependency predictors to commonly Table 2 of their paper 21 and supplemented with additional comorbidities controlled for in the literature. In addition to these covariates, we also assessed a set of ADL dependency predictors. 19 This set of predictors included 20 covariates, several of which (heart failure, psychiatric illness, and dementias) overlapped with components of the combined Charlson-Elixhauser comorbidity score. When both the comorbidities and ADL dependency predictors were included in the same model, we combined those that overlapped to avoid using strongly correlated predictors. For example, rather than include 2 dementia covariates, we combined the Charlson definition and the ADL dependency definition.
With the exception of age (continuous), race (white/black/other), number of outpatient visits (discrete count), number of hospitalizations (discrete count), mammogram (binary with an interaction term with sex), and prostate-specific antigen test (binary with an interaction term with sex), all covariates were modeled as binary variables.
| Statistical analysis
We used Cox proportional hazards models to estimate HRs comparing ) could be expected.
| RESULTS
The cohort consisted of 2 235 140 beneficiaries, followed for a total We present cohort characteristics by vaccination status in Table 1 .
The cohort was 65% female and 85% white, with a mean age of Results of the models estimating the effect of influenza vaccination on all-cause mortality are shown in Table 2 covariates only during the 6-month baseline and ignored any changes during follow-up; however, adjustment for covariates in a timedependent manner did not substantially reduce confounding in a study of influenza vaccination in adult hemodialysis patients. 22 We conclude that addition of 1 specific set of ADL dependency predictors to an adjustment set including commonly used demographics, comorbidities, and health care use variables showed modest improvements in confounding control in a study of influenza vaccination and all-cause mortality. When considered separately, the ADL dependency predictors contributed more to confounding control than did the included comorbidities or health care use variables.
Neither comorbidities nor health care use variables led to further improvements once the ADL dependency predictors were controlled for. Influenza vaccination was still associated with a 32% reduction in all-cause mortality during a time period in which no effect would be expected, indicating that the addition of the ADL dependency predictors was unsuccessful in addressing the confounding present in this setting.
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